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(2) 结合实验数据，采用建立的溶体相线膨胀系数的 CALPHAD 理论模型，
对 FCC 结构的二元合金 Fe-Ni 热膨胀系数进行了优化计算。根据三元 FCC 









































Thermal expansion coefficient (CTE) of materials is a very important quantity. 
When the material used in extreme temperature environment, the CTE should be paid 
more attention. The CTE of material is influenced by crystal structure and 
microstructure. However, the existing models disperse in various scales, the 
computation cross multi-scale is still leaking. Therefore, multi-scale computation 
models for materials' thermal expansion coefficient become very important. In this 
thesis, based on phase diagram calculation method and effective medium theory, 
multi-scale calculation was carried out on the material coefficient of thermal 
expansion. The main contents are summarized as follows: 
(1) Based on CALPHAD method, a model for CTE in the binary and ternary 
alloy was constructed. A simple method to deal with magnetic transition was 
proposed. 
(2) Parameters of Fe-Ni binary systems were optimized by using the constructed 
model of thermal expansion coefficient for binary solid solution alloy. The calculated 
results were in good agreements with the experimental data. Based on the parameters 
in fundamental binary system, the thermal expansion coefficient of Fe-Ni-Cr alloy 
was assessed as a function of temperature and composition. 
(3) A Quasi-Newton method solver was developed to solve the nonlinear 
equations. The developed solver was use to solve the nonlinear Kirchhoff equations of 
equivalent magnetic circuit. This work provides foundation to solve phase equilibrium 
problem in the future.   
(4) Based on the principle of effective medium theory, using LabVIEW language, 
the calculation module was developed. The thermal expansion coefficient of 
graphene/epoxy and Ni-Al alloys were calculated. The influence of the volume 
fraction, aspect ratio and orientation of graphene and the dissolving of phase on the 














In conclusion, CTE model by CALPHAD theory was established. Assessment of 
CTE in Ni-Fe-Cr binary system, ternary system was carried out, and optimized 
fundamental parameters were obtained. Nonlinear equation solver based on the 
Quasi-Newton method was developed. Based on the effective medium theory, thermal 
expansion coefficient of the composites system were calculated. The work provides a 
solid foundation for integrated mult-scale calculation of alloy's physical property.  
In the future, by assembling these modules together, an integrated calculation 
cross element-microstructure-macroscopic property can be established.  
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